
PEU Processing 



MICROCONTROLLER 
(HEREAFTER MC) 
LOADS CODE FOR 
DSPs AND PROGRAMS 
THE FPGA 
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DSP INITIALIZES 
EACH FUNCTION AND 
WAITS FOR CHANNEL 
ASSIGNMENT FROM MC 



iSfPGA SENSES CLOCK 
!|| ON BUS 50 AND 
^ffiARNS ITS ADDRESS 
jflBY WATCHING THE 
ifMATCH BIT OF THE 
S! TOKEN 
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cs&ce the address is 
[^earned, the fpga 
[Interrupts the mc 
NfoilCH records the 

SpDRESS AND SETS A • 
Sag THAT IT IS NOW 
OPERATIONAL. MC 
SENDS A PACKET TO PBX 
PROCESS ON HOST THAT 
THE IS PEU IS NOW 
OPERATIONAL 
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MC STARTS GENERATING 
A PREDEFINED HELLO 
PACKET THAT IS SENT 

TO PBX INDICATING HOW 
MANY PORTS IT HAS 
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THE PBX PROCESS RECEIVES THE 
HELLO PACKET, ASSIGNS A CHANNEL 
ON BUS 50 TO EACH PORT OF THE 
PEU AND SENDS A PACKET BACK 
WITH THAT ASSIGNMENT 
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MC RECEIVES ASSIGNMENTS AND 
PARSES OUT ASSIGNED CHANNELS 
AMONG ALL THE DSPs ON THE PEU 
AND GIVES THE DSP A START 
PROCESSING SIGNAL 
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DSP BUFFERS ALL 128 TIMESLOTS 
OF DATA FROM BUS 126 HEADED 

OUT TO PORTS AND BUFFERS ALL 
32 TIMESLOTS OF DATA COMING 
IN FROM THE PORTS 
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DSP ALSO RECEIVES AND BUFFERS 
ANY TONE DATA RECEIVED FROM 
THE MC OR THE PORT IN A TONE 
BUFFER FOR EACH PORT AND 
RECEIVES THE PAYLOADS OF 
VOICE DATA FROM PRERECORDED 

MESSAGES AND VOICEMAIL 
PACKETS SENT OVER THE PACKET 
BUS OR RECEIVED FROM THE PORT 
IN A VOICE BUFFER FOR EACH 
PORT 
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READ THE TIMESLOT DATA, VOICE 
DATA AND TONE DATA FROM EACH 
BUFFER OF EACH PORT FOR EACH 

DIRECTION AND WEIGHT DATA 
ACCORDING TO VOLUME CONTROL 
WEIGHTING FUNCTION FOR EACH 
TYPE OF DATA AND SUM THE 
RESULTS 



240 



FIG. 7A 



• 

-J 



WRITE THE 
RESULTING VOLUME 
CONTROL WEIGHTED 
MIXED DATA TO THE 
APPROPRIATE BUFFER 
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DTMF TONE GENERATION: 

MC RECEIVES PACKET 
FROM PBX HOST TELLING 
IT WHICH DTMF TONES 
IB) GENERATE ON EACH 
\Q. CHANNEL 
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jlMC RETRIEVES PCM 

: 2dATA FOR DESIRED 

%NES AND WRITES IT 

;L INTO DSP TONE 

*p BUFFER FOR THE 

: SPPROPRIATE CHANNEL 
4«± j 



^SP TAKES TONE DATA 

AND DOES VOLUME 
CONTROL WEIGHTING ON 
IT AND WRITES 
RESULTING SUM DATA 
INTO OUTPUT BUFFER 
FOR THE CHANNEL 



PLAY PRERECORDED 
ANNOUCEMENTS AND 
VOICEMAIL DATA: RECEIVE 

CONTROL PACKET 
SPECIFYING A PARTICULAR 

STREAM THAT IS TO BE 
PLAYED ON A PARTICULAR 
' PORT 
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FIG. 7B 



PBX SOFTWARE BROADCASTS PACKETS 
CONTAINING VOICE DATA TO ALL PEUS 
OVER PACKET BUS, EACH PACKET OF A 
PARTICULAR VOICEMAIL MESSAGE OR 
PRERECORDED MESSAGE HAVING A STREAM 
IDENTIFIER WITH ONE PACKET BEING 
TRANSMITTED EVERY 26 MSEC 



FPGA AT PEU AND COPIES ANY PACKETS 
WITH CORRECT PEU ADDRESS OR A 
BROADCAST PEU ADDRESS THAT 
INDICATES ALL PORTS ARE SUPPOSED TO 
PROCESS THE MESSAGE INTO THE 
RECEIVE FIFO OF MC 



MC RETRIEVES PACKETS OUT OF FIFO 

AND LOOKS AT TYPE FIELD TO 
DETERMINE IF IT IS PLAY DATA. IF 
SO, THEN THE MC LOOKS AT THE PORT 
ADDRESS . IF THE PORT ADDRESS IS A 

BROADCAST ADDRESS, THEN THE MC 
LOOKS AT THE STREAM ID AND COMPARES 
TO STREAM ID PREVIOUSLY IDENTIFIED 

IN CONROL MESSAGES FOR VARIOUS 
PORTS TO DETERMINE IF THERE ARE ANY 
MATCHES. MC WRITES VOICE DATA OF 
PAYLOAD SECTION INTO INPUT BUFFER 
OF DSP THAT CORRESPONDS TO ANY 
MATCHES OF STREAM IDS 



IF THE PORT ADDRESS IS NOT A 
BROADCAST ADDRSS, THEN THE MC 
WRITES THE PAYLOAD DATA FROM THE 
PACKET INTO THE INPUT BUFFER OF 
THE DSP THAT CORRESPONDS TO THE 
PORT IDENTIFIED IN THE PORT 
ADDRESS 
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DSP DOES VOLUME CONTROL 
WEIGHTING AND MIXING OF 
VOICE DATA WITH TDM DATA 
AND TONE DATA AND WRITES 

SUMMED DATA TO OUTPUT 
BUFFERS OF ALL PORTS ON 
WHICH MESSAGE IS TO BE 
PLAYED 
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pfP RECORD DATA: DATA COMING 
;QIN FROM PORT IS STORED IN 
|f|TDM INPUT BUFFER FOR EACH 
PORT . DATA GOING OUT TO 
jfpRT IS STORED IN TDM OUTPUT 
"BUFFER. VOLUME CONTROL MIX 



PROCESS READS TDM DATA 



.Ravelling in each direction 
;"for port as well as packet 
p data and tone data and 

jfelGHTS EACH SET OF DATA IN 

;jj accord with weighting 
sanctions established by pbx 
Software via control packets 

y BASED UPON USER 

U - FUNCTIONALITY REQUESTS. 
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THE SUMMED VOLUME CONTROL 
ADJUSTED DATA IS WRITTEN 
INTO THE RECORD BUFFER OF 
THE DSP. ONCE 208 BYTES 
HAVE BEEN ACCUMULATED, THE 
DSP INTERRUPTS THE MC. THE 
MC READS THE RECORD DATA 

AND PACKETIZES IT AND 
STORES IT INTO TRANSMIT 
FIFO OF FPGA. FPGA 
TRANSMITS PACKET OVER 
PACKET BUS 



DSP DECODES CALLER ID DATA: MC 
DETECTS FIRST RING ON ANY CO 
PORT BY POLLING THE RING 
DETECTOR FOR ALL THE PORTS AND 
SETS A STATUS IN THE DSP TO 
START TRANSFERRING CALLER ID 
DATA. THE DSP IS CONSTANTLY 
LOOKING FOR CALLER ID DATA 
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DSP DECODES INCOMING CALLER 
ID DATA, AND WHEN ONE BYTE 
HAS BEEN RECEIVED, INTERRUPTS 
THE MC. THE MC RETRIEVES THE 
CALLER ID DATA AND VERIFIES 

THE CHECKSUM. THEN THE 
CALLER ID DATA IS PACKETIZED 
AND TRANSMITTED TO THE PBX 
SOFTWARE PROCESS. 
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THE PBX PROCESS UPDATES 
THE ATTRIBUTE DATA OF AN 
OBJECT IN MEMORY CREATED 
FOR THIS PARTICULAR CALL 

WITH THE CALLER ID DATA 
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DSP DOES DTMF 
DETECTION: DSP IS 
CONSTANTLY LOOKING FOR 

DTMF TONES COMING IN 
FROM EVERY PORT. WHEN 
DETECTED, DSP REMOVES 
THESE DTMF TONES FROM 
THE RECORD BUFFER SO 
THEY WILL NOT BE 
RECORDED. 
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FIG. 7C 




DSP INTERRUPTS MC WHEN 
EACH TONE STARTS AND AGAIN 
WHEN IT ENDS AND DECODES 
EACH TONE AND SILENCE 
BETWEEN TONES 



274 



MC RETRIEVES EACH DIGIT AND 
PACKETIZES IT OR A GROUP 
THEROF AND SENDS TO PBX 
PROCESS. SILENCES BETWEEN 
TONES ARE ALSO PACKETIZED AND 
.„ SENT TO PBX 



d§£ does mf detection: dsp 
Interrupts mc when each mf 

ijrONE STARTS AND WHEN IT 
Spi>PS. MC RETRIEVES DIGITS. 
WHEN AN ENTIRE SEQUENCE HAS 
BEJE^ RETRIEVED, MC PACKETIZES 
SEQUENCE AND SENDS IT TO THE 

71 PBX SOFTWARE. 
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P 

DSP DOES CALL PROGRESS TONE 
DETECTION: DSP DETECTS TONES 

AND BUILDS A STATUS WORD 
INDICATING WHICH FREQUENCIES 
ARE ACTIVE (1 BIT PER TONE) . 
ANY TIME STATUS CHANGES, DSP 
INTERRUPTS MC 



MC READS THE STATUS WORD EACH 
TIME IT IS INTERRUPTED AND 
DECODES THE CADENCE TO 
DETERMINE THE CALL PROGRESS. 
THE RESULT IS PACKETIZED AND 
SENT TO THE PBX PROCESS 
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DSP DOES ECHO 
CANCELLATION: DSP REMOVES 

ECHOES OF DTMF PROMPT 
TONES FROM ANY RECORD DATA 
USING ADAPTIVE FILTERS 
IMPLEMENTED IN SOFTWARE 
AND KNOWN ALGORITHMS 
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DSP DOES AGC TO NORMALIZE 

VARIATIONS BETWEEN LINE 
QUALITY: KNOWN ALGORITHMS 
ARE USED TO DO THIS 



286 



DONE, RETURN TO 
START 
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FIG. 7D 




MC-TELEPHONE INTERFACE PROCESSING FOR INCOMING CALl 



r 



MC RECEIVES CONFIGURATION 
DATA FROM PBX AT STARTUP AND 

SEND COMMAND TO DID SWITCH 
202 OF EACH PORT TO SET FOR A 
CO PORT OR EXTENSION PHONE AS 
APPROPRIATE 
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MC READS GROUND START/LOOP 
START CONFIGURATION STATUS AT 
STARTUP AND SENDS A COMMAND 
TO SWITCH 190 TO SET IT FOR 
THE PROPER SIGNALLING 
PROTOCOL 
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(3 



H 



5 



MC POLLS LOOP CURRENT 
DETECTOR EVERY 10 MSEC TO 

READ STATUS. IF GET 2-3 
STATUS WHICH ARE THE SAME, 
THEN THAT IS CONSIDERED TO 

BE THE NEW STATUS AND IS 
REPORTED BY PACKET TO PBX 
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MC POLLS RING DETECTOR 
EVERY 2 MSEC. STATUS IS 

DEBOUNCED AND IS THEN 
REPORTED BY PACKET TO PBX 



5 
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IF THE PHONE WHICH WAS POLLED 
DOES NOT RESPOND FOR N 
CONSECUTIVE POLLS, THE MC MARKS 
PCOMM FOR THAT PHONE AS DOWN. 
ANOTHER PROCESS RETRIES THE 
DOWNED PORTS EVERY SECOND TO 
DETERMINE IF THEY HAVE COME BACK 
UP YET. THE TABLE OF WHICH 
PORTS HAVE PCOMM STATUS UP OR 
DOWN IS REPORTED BY PACKETS TO 
THE PBX PROCESS 



296 



PORT CONFIGURATION PROCESS 
PERIODICALLY READS MANUAL 
SWITCH 206 OF EACH PORT TO 
DETERMINE IF THERE HAS BEEN 
ANY CONFIGURATION CHANGE 



298 



MC COMMUNICATES DIGITAL DATA WITH EXTENSION 
PHONES: DATA TO BE SENT TO PHONE IS 
GATHERED FROM PACKETS SENT BY PBX. MC 
POLLS EXTENSION PHONES FOR DATA TO BE SENT 
BACK FROM PHONE BY ADDRESSING EACH ONE 
INDIVIDUALLY IN TURN. EXTENSION PHONE 
RESPONDS TO POLL BY SENDING ANY DATA IT HAS 
OR AN *ACK, NO DATA" MESSAGE. ANY DATA TO 
BE SENT TO PHONE IS SENT DURING TIMES WHEN 
PHONE IS NOT BEING POLLED 



IF ANY CONFIGURATION 
CHANGE HAS HAPPENED, A 
PACKET IS SENT TO THE PBX 
PROCESS SIGNALLING THE 
CHANGED CONFIGURATION. 
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MONITOR FOR INCOMING 

DID CALL ON ALL CO 
PORTS CONFIGURED FOR 
DID:MC EXAMINES STATUS 
OF LOOP CURRENT 
DETECTION AND RING 
STATUS AND DRAWS 
CONCLUSION AS TO 
WHETHER A DID INCOMING 
CALL IS READY TO BE 
SENT BY CO 
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CO SENDS DIALED DIGITS AS DTMF 
TONES. DSP DETECTS DTMF TONES 

AND INTERRUPTS MC. MC READS 
DIGITS AND PACKETIZES AND SENDS 
TO PBX PROCESS 



the pbx process reads the 
dialed digits of the did 
call and looks up the 
Extension that is mapped to 
1hat dialed number and sends 
!j1 a command packet to the 

i&PROPRIATE PEU SAYING m RING 
PORT yT 



!i MC ACTIVATES LINE 194 TO 
I3*ING SIGNAL CIRCUIT 192 TO 
=pCAUSE IT TO START SENDING 
KRING SIGNAL TO EXTENSION 
jsNAMED IN CONTROL PACKET AT 
O CADENCE GIVEN IN CONTROL 
B PACKET 



WHEN THE POLLING OF THE LOOP 

CURRENT DETECTOR INDICATES 
THAT THE EXTENSION PHONE HAS 
GONE OFFHOOK, MC SENDS A 
CONTROL PACKET WITH THAT 1 
CHANGE IN STATUS TO THE PBX 
PROCESS 



PBX SENDS CONTROL PACKET 
BACK TO MC SAYING ANSWER 
CALL AND SETS UP THE SWITCH 

CONNECTION BETWEEN THE CO 
PORT AND THE EXTENSION PORT 



CIO PD 
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314 



WHEN THE MC DETECTS LOOP CURRENT 
AND NO RING SIGNAL, IT SENDS A 

COMMAND TO THE TIP AND RING 
REVERSAL CIRCUIT TO CAUSE IT TO 
FLIP THE TIP LINE VOLTAGE 
POLARITY TO +48 VOLTS RELATIVE TO 
RING TO SIGNAL THE CO THAT THE PBX 
WAS READY TO RECEIVE THE DIALED 
DIGITS. THE MC THEN SENDS A 
CONTROL PACKET TO THE PBX 
INDICATING A DID CALL IS INBOUND 
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MC RESPONDS TO CONTROL PACKET 
BY DEACTIVATING REVERSE COMMAND 
ON LINE 198 TO CAUSE TIP AND 
RING REVERSAL CIRCUIT TO SET 
TIP AND RING POLARITIES BACK TO 
NORMAL TO SIGNAL CO THAT 
EXTENSION PHONE HAS ANSWERED 
CALL 



CO STOPS. SENDING RINGBACK 
TONE TO CALLER AND CONNECTS 
ANALOG SIGNALS FROM CALLER TO 
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PBX 
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PEU RECEIVES DIGITIZED DATA 
FROM CO AND ROUTES TO SWITCH 
CARD OVER TDM BUS TIMESLOT 
ASSIGNED TO CO PORT WHERE GETS 
SENT BACK TO THIS PEU OR 
ANOTHER PEU ON THE TIMESLOT 
ASSIGNED TO THE EXTENSION 
CALLED 



DSP RECEIVES DATA FROM BUS 50 
TIMESLOT ASSIGNED TO CALLED 
EXTENSION AND PUTS IN ON THE 
TIMESLOT OF THE LOCAL BUS 96 
ASSIGNED TO THE PORT OF THE 
CALLED EXTENSION. VICE VERSA 
FOR DATA COMING IN FROM THE 
CODEC OF THE PORT OF THE CALLED 
EXT 
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MICROCONTROLLER-TEL INTERFACE PROCESSING FOR OUTGOING CALl 



r 



EXTENSION GOES OFFHOOK, MC 
DETECTS THIS FACT BY LOOP 
CURRENT STATUS POLL, AND THE 
CHANGE OF STATUS IS REPORTED 
TO THE PBX BY A CONTROL 
PACKET 



PBX RESPONDS BY SENDING 
COMMAND PACKET REQUESTING MC 
TO PLAY DIALTONE TO OFFHOOK 
EXTENSION 



MCjJWRITES PCM VERSION OF 
DIAETONE INTO TONE BUFFER 

jk>F DSP FOR OFFHOOK 

tfl EXTENSION 



4R- 



THE DSP DOES THE VOLUME 
CONpROL MIXING PROCESS ON 
TjSNE DATA AND SENDS IT 
Olf£ TO THE PORT'S CODEC 

□FOR CONVERSION TO 

O DIALTONE 



r 



DSP DETECTS DTMF TONES DIALED 
ON EXTENSION AND MC READS 
EACH ONE AND SENDS TO PBX 
PROCESS. WHEN FIRST DIGIT 
RECEIVED, PBX PROCESS SENDS 
COMMAND PACKET INSTRUCTING MC 
TO STOP DIALTONE 



PBX PROCESS DETERMINES 
DIALED NUMBER AND LOOKS UP 
WHETHER IT IS LOCAL 
EXTENSION OR REQURIES 
CONNECTION TO CO. 
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330 
LOCAL 



IF THE NUMBER IS LOCAL, THE PBX 
SENDS A COMMAND PACKET TELLING 
MC TO RING EXTENSION. MC 
ACTIVATES LINE 194 OF 
APPROPRIATE PORT AND MONITORS 
THE STATUS OF THE LINE CURRENT 
DETECTOR 
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MC REPORTS OFFHOOK STATUS TO PBX 
WHEN LOOP CURRENT DETECTED. PBX 

SETS UP SWITCH CONNECTION AND 
DATA STARTS TRANSFERRING IN BOTH 
DIRECTIONS ON APPROPRIATE 
TIMESLOTS OF LOCAL BUS 96 AND 
TDM BUS 50 
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END 



532 
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FIG. 9A 





OUTSIDE CALL 



PBX PROCESS OPTIONALLY DOES LEAST COST 
ROUTING AND OPTIONALLY DOES TOLL 
RESTRICTIONS. THEN SENDS COMMAND PACKET 

TO MC OF A PEU WITH AN AVAILABLE PORT 
CONNECTED TO CO TELLING IT TO GO OFFHOOK 
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155? 
111 



MC ACTIVATES LINE 194 TO GO OFFHOOK 
ON CO PORT AND MONITORS LOOP CURRENT 
DETECTOR 196 TO DETERMINE WHEN CO 
GOES OFFHOOK. WHEN THE CO GOES 
OFFHOOK, THIS STATUS CHANGE IS 
REPORTED TO THE PBX 



fr 

m 



0 MC 



THE CO RESPONDS WITH DIAL TONE AND 
THE DSP DETECTS IT AND INTERRUPTS 
MC REPORTS DIALTONE TO PBX IN 
CONTROL PACKET 



PBX PROCESS RESPONDS TO DIALTONE 
BY SENDING A CONTROL PACKET TO MC 
WITH DIALSTRING 



342 



344 



346 



MC RESPONDS BY WRITING PCM DATA 
FOR DIAL STRING CHARACTERS INTO 
APPROPRIATE TONE BUFFER OF DSP 
ASSIGNED TO CO PORT 
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DSP DOES VOLUME CONTROL MIXING AND 
SENDS RESULTING MIXED, VOLUME 
ADJUSTED TONE AND OTHER DATA TO 
CODEC ON APPROPRIATE TIMESLOT FOR 
CONVERSION TO ANALOG SIGNAL 
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CO SENDS RINGBACK. TONE TO PEU 
PORT. DSP DETECTS RINGBACK TONE 

AND INTERRUPTS MC. MC 
INTERPRETS AND REPORTS RINGBACK 
STATUS TO PBX PROCESS. RINGBACK 
AND ANY CONVERSATION AFTER 
DIALED PHONE PICKED UP OR ANY 
VOICEMAIL PROMPTS ARE HEARD BY 
EXTENSION 



r 



h: 



MC REPORTS DIAL COMPLETED TO 
PBX. PBX RESPONDS BY MAKING 
SWITCH CONNECTIONS 
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FIG. 9B 



TEU PROCESSING FOR AN INCOMING T1 ftp! CALL 



TEU MC CONSTANTLY POLLING 
SIGNAL BIT LINES OF Tl 
INTERFACE CHIPSET FOR 
CHANGES IN STATUS 



-LOOP START- 



-WINK START- 



GROUND START 
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jMC DETECTS 
L.RINGING 



5 



QC IN TEU READS 
y ANY DIALED 
ItI CHARACTERS 
^DECODED BY DSP 
j« 5 AND SENDS 

incoming 
connection 
j^packet to pbx 
;2that includes 

!« DIALED 

Characters, if 
any 
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PBX PROCESS LOOKS UP A 
PREDETERMINED PORT 
ESTABLISHED BY THE 
CONFIGURATION DATA IF 

THERE ARE NO DIALED 
DIGITS OR MAPS DIALED 
DIGITS TO PORT HAVING 
THAT EXTENSION. PBX 
SENDS A CONTROL PACKET 
ADDRESSED TO THE CORRECT 
PEU AND PORT SAYING RING 

THE EXTENSION. MC IN 
THAT PEU RINGS EXTENSION 



i 



[MC DETECTS] 
I RINGING J 
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400 



MC DETECTS 

OFFHOOK 
.CONDITION, 



2 



^ALL OTHER 
STEPS 
IDENTICAL 
TO LOOP 
START 
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TEU MC RESPONDS 
TO OFFHOOK STATUS 
BY WAITING 120 
MSEC AND THEN 
SENDING A % WINK" 

DEFINED AS A 
MOMENTARY SENDING 
OF OUTBOUND 
SIGNALLING BITS 

THAT SIGNAL 
OFFHOOK STATUS 
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AT END OF WINK, MC STARTS 
A DIAL TIMER OF ONE 
SECOND PER DIGIT AND 
STARTS LOOKING FOR DNIS 
DIGITS IN THE INCOMING 
STOLEN BITS 
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FIG. 10A 



MC ASSEMBLES THE 
DNIS DIGITS AND ANY 
ANI DIGITS 
TRANSMITTED AND 
PACKET I ZES AND 
SENDS TO PBX 



J 



EXTENSION PHONE 
GOES OFFHOOK AND 
THIS STATUS IS 
DETECTED BY MC 
AND REPORTED TO 
PBX PROCESS 
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PBX PROCESS SENDS 
BACK A 
* CONNECTION 
RESPONSE" AND 
□WRITES BITS TO 
^SWITCH CARD TO 
m SET UP THE 
CONNECTION FROM 
iJTHE Tl PORT AND 
IpEXTENSION PORT 
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! TEU ANSWERS CALL 
13 BY WRITING 
dONTROL BITS INTO 
b&TBOUND LINES OF 
\<f> Tl INTERFACE 
□ CHIPSET WHICH 
I3PUTS THEM INTO 
STOLEN BIT 
POSITIONS OF 
OUTBOUND Tl LINE 
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FIG. 10B 





T1 TEU PROCESSING FOR OUTBOUND CALL 



*0 

m 



EXT GOES OFFHOOK. MC DETECTS 
LOOP CURRENT AND REPORTS STATUS 
TO PBX PROCESS. 



DSP DETECTS DIALED DIGITS AND 
INTERRUPTS MC. MC RETRIEVES 
DECODED DIGITS AND PACKETIZES 
AND SENDS TO PBX PROCESS 



PBX MAPS DIALED DIGITS TO 
LEAST COST SERVICE. 
ASSUME IT IS Tl PORT 
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424 



E GROUND 
I* START 



PBX SENDS A COMMAND PACKET TO 

THE TEU ADDRESSED TO THE 
PARTICULAR Tl PORT TO BE USED 

REQUESTING A * CONNECTION 
REQUEST" AND INCLUDING A DIAL 
STRING 



MC SENDS GROUND 
RING SIGNALLING 
BITS TO CO 



428 



MC OF TEU WAITS 
FOR 'CURRENT FEED" 
SIGNAL BITS TO 
ARRIVE FROM CO 



430 



MC SENDS "LOOP 
CLOSED BITS TO 
CO 
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— i — 

LOOP 
START 



TEU MC SENDS 
'LOOP CLOSED" 
SIGNALLING BITS 
IN ROBBED BITS 



450 



r 



WAIT FOR 
PREDETERMINED 

TIME FOR 
DIALTONE FROM 
CO OR DETECT IT 
USING DSP 



452 



426 



WINK 
"START 



470 



TEU MC SENDS 
OFFHOOK SIGNAL 
BITS 



MC WAITS FOR AN 
OFFHOOK WINK FROM 
THE CO 
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Fib- //A 
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THE REST OF THE 

CALL IS 
COMPLETED AS PER 
STEPS 454, 456, 
458, 460 AND 462 
OF LOOP START 
PROTOCOL 



yi 

pa 



454 



MC COPIES PCM DATA FOR 

DIALED DIGITS INTO 
APPROPRIATE TONE BUFFER 
OF DSP 



MC DETECTS WINK 
BITS AND, AFTER A 

SHORT DELAY, 
STARTS DIALING BY 
PROCESS OF STEP 
454 
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DSP DOES VOLUME CONTROL 
MIXING AND WRITES 
RESULTING DATA TO 

OUTPUT BUFFER MAPPED TO 
OUTBOUND CHANNEL 



456 



THE REST OF THE 
CALL IS COMPLETED 
AS IN STEPS 456, 
458, 460 AND 462 
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MC IN TEU SENDS BACK 
m DIAL COMPLETE" CONTROL 
PACKET TO PBX PROCESS. 
PBX MAKES PROPER SWITCH 
CONNECTIONS TO 
CONNECTION EXTENSION 
PORT TO Tl PORT AND 
CHANNEL BEING USED 



458 



460 



MC SENDS A 
* CONNECTION CONFIRM" 
PACKET . WHEN RECEIVE 
SIGNAL TO THIS EFFECT 
FROM CO IN ROBBED 
BITS 
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DATA EXCHANGE OF 
CONVERSATION OCCURS OVER 
SWITCH CONNECTION 



F?6. (16 



SWITCH CARD DSP CONFERENCING PROCESS 



FIRST DSP DOES KNOWN 

ECHO CANCELLING 
ALGORITHM ON OUTPUT 
OF FIRST 13 OF 32 TDM 
CHANNELS DEVOTED TO 
CONFERENCING 
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SECOND DSP DOES KNOWN 
ECHO CANCELLING ROUTINE 
^ ON OUTPUT OF NEXT 13 OF 
^32 CONFERENCING CHANNELS 
9 AND PASSES FIRST 13 AND 
1 LAST 6 ON UNCHANGED TO 
- THE THIRD DSP 
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THIRD DSP DOES ECHO 
CANCELLING ON LAST 6 
CHANNELS AND THEN DOES 
AUTOMATIC GAIN CONTROL 

FUNCTION ON ALL 32 
CONFERENCE CHANNELS IN 
EACH DIRECTION SO EACH 
PARTICIPANT HEARS THE 
OTHERS AT THE SAME 
APPROXIMATE VOLUME 
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DSP 3 USES CONFERENCE 
SETUP DATA WRITTEN 
INTO ITS MEMORY BY 
PBX PROCESS TO 
DETERMINE WHICH 
CHANNELS BELONG TO 
WHICH CONFERENCES 
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FOR EACH CONFERENCE/ DSP 3 DOES 
VOLUME CONTROL BY CALCULATING 
THE SUM OF ALL DATA IN THE 
TIMESLOTS ASSIGNED TO THE 
CONFERENCE PLUS ANY BEEP TONE 
USED TO ALERT CONFEREES TO 
JOINDER BY A NEW CONFEREE 
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DSP 3 CALCULATES THE INPUT DATA 
FOR EACH CONFEREE'S CHANNEL SO 

EACH CONFEREE HEARS ALL THE 
OTHER PARTICIPANTS BUT DOES NOT 
HEAR HIS OR HER OWN VOICE. THE 

INPUT FOR EACH CHANNEL IS THE 
CONFERENCE SUM MINUS THE OUTPUT 
DATA OF EACH CHANNEL 



THE CONFERENCE CHANNEL INPUT 
DATA FOR EACH CONFEREE'S 
CHANNEL CALCULATED IN STEP 
482 IS MULTIPLIED BY THE 
CONFERENCE VOLUME 



482 
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DSP 3 SENDS THE CALCULATION 
RESULTS FOR EACH CHANNEL AS 
THE INPUT DATA FOR THAT 
CHANNEL. ALL OTHER INPUT 
DATA FROM THE PEU FOR OTHER 
CHANNELS IS PASSED BY DSP 3 
UNCHANGED. "DSP 2 AND DSP 1 
PASS ALL DATA THROUGH 
UNCHANGED 
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ANALOG LOOP START PROTOCOL PROCESS - CO ORIGINATES CALU 



PBX PROCESS READS CONFIGURATION 
DATA AND SENDS CONFIGURATION 
PACKET FOR EACH PORT. MC IN 

EACH PEU OR TEU CONFIGURES SLIC 
APPROPRIATELY 
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IDLE STATE: TIP LINE GROUNDED 

AT CO AND RING LINE AT -48 
VDC. HIGH LOOP RESISTANCE = 
PBX STILL ON-HOOK 



CO ORIGINATES CALL TO PBX: CO 
IMPOSES 50-70 VAC RING SIGNAL 
ON -48 VDC ON RING LINE 



500 



502 



PBX RING DETECTION CIRCUIT 
DETECTS RING AND MC PASSES A 
IC CONTROL PACKET TO PBX PROCESS 
'I™ INDICATING CO LINE RINGING 



504 



PBX PROCESS SENDS *GO 
OFFHOOK" CONTROL PACKET TO 
MC. MC COMMANDS HOOK 
SWITCH TO GO OFF-HOOK 



506 



PBX SETS UP 
CONNECTION TO 
CALLED EXTENSION 



508 



509 



YES- 




EXTENSION 
ANSWER? 



NO 



SET UP WAV CHANNEL 
OVER PACKET BUS TO 
VOICEMAIL 
APPLICATION 



511 



WHO DISCONNECTS 
FIRST? 



EXT- 




510 



CO TIMES OUT OR 
SENDS A DIALTONE 



CO 
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PBX KEEPS 
HOOKSWITCH CLOSED 
UNTIL PBX TIMES 
OUT OR DETECTS 
DIALTONE AND THEN 
GOES OFF-HOOK 



516 



EXTENSION GOES ON-HOOK. 
CO DETECTS HIGH LOOP 
RESISTANCE AND 
TRANSITIONS BACK TO IDLE 
STATE WAITING FOR NEXT 
CALL 



512 



FIGURE 13 



ANALOG LOOP START PROTOCOL PROCESS - PBX INITIATES THE CAL 



PBX PROCESS READS ■". 
CONFIGURATION DATA AND 
SENDS CONFIGURATION PACKET 
FOR EACH PORT. MC IN EACH 
PEU OR TEU CONFIGURES SLIC 
APPROPRIATELY 



519 



CO IN IDLE STATE: 
RING LINE AT -48 VDC, 

TIP LINE GROUNDED. 
PREVIOUSLY CONFIGURED 
FOR LOOP START 
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in 

if i 
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m 



Q 



PBX PROCESS RECEIVES 
MESSAGE THAT EXTENSION 
HAS GONE OFFHOOK AND 
DIALED A NUMBER. NUMBER 
MAPPED TO AN OUTSIDE 
LINE 



522 



PBX SENDS A CONTROL 
MESSAGE TO MC OF A 
PEU COUPLED TO A CO 
LINE TELLING IT TO GO 
OFFHOOK 



MC ORDERS HOOK 
SWITCH CIRCUIT TO 
GO OFFHOOK 
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526 



CO DETECTS OFFHOOK 
STATE AND RESPONDS BY 
SENDING DIALTONE 
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>28 



PBX DETECTS DIALTONE 

AND TRANSMITS DTMF 
TONES OF DIAL STRING 
TO CO 
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\ 532 



CO RECEIVES DIAL 
STRING AND SENDS RING 
BACK SIGNAL 



WHEN CALLED PHONE GOES 
OFFHOOK, CO STOPS 
RINGBACK TONE AND 
CONNECTION MADE 
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536 



DISCONNECT STATE 
TRANSITIONS ARE THE 
SAME AS STEPS 510, 
512, 514 AND 516 OF 
FIGURE 13 



FIGURE 14 
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GROUND START SIGNALLING PROTOCOL - ANALOG CO LINE - CO ORIGINATES CAL 



PBX PROCESS READS CONFIGURATION 
DATA AND SENDS CONFIGURATION 
PACKET FOR EACH PORT. MC IN 
EACH PEU OR TEU KEEPS A RECORD 
FOR EACH ANALOG PORT AS TO 
WHETHER IT IS LOOP START OR 
GROUND START AND CONFIGURES SLIC 
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IDLE STATE: RING AT - 
48 VDC, TIP LINE IS 
OPEN 



CO ORIGINATES CALL BY 
GROUNDING TIP LINE 
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554 



GROUND START SIGNALLING 
CIRCUIT 188 IN FIGURE 6 
DETECTED GROUNDED TIP LINE 



MC READS STATUS OF GROUND 
START SIGNALLING CIRCUIT AND 
SENDS MESSAGE TO PBX PROCESS 
VIA CONTROL PACKET ON PACKET 
BUS 
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558 



PBX RECEIVES MESSAGE AND 
SENDS A CONTROL MESSAGE 
BACK TO THE MC SAYING GO 
OFFHOOK 



MC COMMANDS HOOK SWITCH 
CIRCUIT TO GO OFFHOOK AND 
CONNECTION TO PBX IS MADE 
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562 



r 



PBX DETERMINES EXTENSION 
TO WHICH THE CALL IS TO 
BE TRANSFERRED IN ANY 
KNOWN WAY. IF THE CO 
SENDS A RING SIGNAL, IT 
CAN BE IGNORED 
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1 



566 



PBX SETS UP TRANSFER TO 
EXTENSION AND RINGS 
EXTENSION 



NO- 



572 



EXTENSION GO 
OFFHOOK? 



568 



YES 



570 



WHEN EXTENSION GOES 

OFFHOOK, THE 
CONNECTION IS MADE 



PBX SETS UP 
WAV CHANNEL 
TO VOICEMAIL 

OR OTHER 
APPLICATION 
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CO DISCONNECTS 
FIRST BY OPENING 

TIP LINE. PBX 
DETECTS AND GOES 
ON-HOOK 
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WHO DISCONNECTS^ 
FIRST? 



5l 
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PBX DISCONNECTS 
FIRST BY GOING 
ON-HOOK. CO 
DETECTS AND 
OPENS TIP LINE 



FIGURE 15 
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GROUND START SIGNALLING PROTOCOL - ANALOG CO LINE - PBX ORIGINATES CAl 



PBX PROCESS READS 
CONFIGURATION DATA AND 
SENDS CONFIGURATION PACKET 
FOR EACH PORT, MC IN EACH 
PEU OR TEU KEEPS A RECORD 
FOR EACH ANALOG PORT AS TO 
WHETHER IT IS LOOP START 
OR GROUND START AND 
CONFIGURES SLIC 
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582 



\s4 



IDLE STATE: RING LINE AT 
-48 VDC AND TIP LINE 
OPEN 



PBX INITIATES CALL BY 
GROUNDING RING LINE 
USING GROUND START 
SIGNALLING CIRCUIT 



CO SWITCH DETECTS 
GROUNDED RING LINE AND 
RESPONDS BY GROUNDING 
TIP LINE 



PBX DETECTS GROUNDING OF 
TIP LINE AND RESPONDS BY 
TAKING THE CO PORT OFF- 
HOOK AND UNGROUNDING 
RING LINE. TIP LINE 
REMAINS GROUNDED 
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586 



588 



590 



592 



PBX SENDS DIAL STRING 



CO SWITCH RINGS DIALED PHONE 
AND SENDS RINGBACK TONE TO PBX 
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WHEN THE DIALED PHONE PICKS UP, 

THE CO SWITCH STOPS SENDING 
RINGBACK AND THE CONNECTION IS 
MADE 




WHO DISCONNECTS 

FIRST? y< 



1 

PBX 
1 
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PBX DISCONNECTS BY 
GOING ON-HOOK. CO 
DETECTS AND OPENS TIP 
LINE 
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602 



CO DISCONNECTS 
BY OPENING TIP 
LINE AND PBX 
DETECTS AND 
GOES ON-HOOK 



BACK TO 
IDLE STATE 
584 
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FIGURE 16 
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